l fa Reo'd PCT/PTO 3 0 AUG 2006 
10/591135 

DESCRIPTION 

CONTROL DEVICE FOR PERMANENT MAGNET SYNCHRONOUS MOTOR 

Technical Field 
5 The present invention relates to control devices, 

for permanent magnet synchronous motors, that . control, 
considering the motor's load conditions, so as to allow its 
recovering electric power . to be consumed by the motor. 

A conventional control device for permanent magnet 

10 synchronous motor has been disclosed in Japanese Patent 
Laid-Open No . 2 001-95300 as follows; the control device 
includes an inverter for converting DCvoltageto alternating 
current of variable voltage and variable frequency, a 
permanent magnet synchronous motor to which electricity is 

15 fed from the inverter, a speed control unit for generating 
a speed instruction signal , a speed controller for generating 
a torque instruction signal in order to make the motor's 
speed respond to the speed instruction signal, a g-axis 
current instructing unit for generating an instruction 

20 signal for a current component (a g-axis current component) 
orthogonal to the magnetic field of the motor, a d-axis 
current instructing unit for generating an instruction 
signal for a current component (a d-axis current component) 
with the same directionality as the magnetic field of the 

25 motor, and a unit for controlling the inverter in order to 
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provide the motor with current responding to each of the 
instruction signals for the g-axis current component and 
the d-axis current component, so that the control device 
switches, in accordance with its powering, state or recovery 
state, the instruction signal value of the d-axis current 
in the d-axis current instructing unit. 

Because the conventional control device controls the 
current component (a d-axis current component) with the same 
directionality as the magnetic field of the motor, so as 
not to transfer electric power recovered in the permanent 
magnet synchronous motor to the DC voltage side of the 
inverter, it can curb DC voltage rising without using 
exclusive circuits, for consuming the recovering electric 
power, configured with resistors, switching devices, etc. 
As a result, the overall controlling system can be configured 
compactly and economically. Moreover, when the motor 
operates in the recovery state, the device can curb the DC 
voltage generated at the inverter input side so that 
recovering power generated in the motor can be consumed in 
itself, by generating, in accordance with its generating 
power, the current component (the d-axis current component) 
with the same directionality as the magnetic field of the 
motor, or by generating the component in accordance with 
DC voltage inputted into the inverter. 

However, when the conventional control device for 



permanent magnet synchronous motor is operated without 
limiting d-axis current therethrough, there has been a 
problem in that an increasing copper loss in the motor makes 
its temperature exceed the allowable limit, resulting in 
the motor being over-loaded. 

Disclosure of Invention 

The present invention has been made to solve the 
problems described above, and an objective of this invention 
is to provide a control device, for permanent magnet 
synchronous motors, that provides d-axis current determined 
from allowable power loss in the motor. 

An aspect of a control device for a permanent magnet 
synchronous motor according to the present invention 
comprises: an inverter for converting input DC voltage into 
alternating current . of variable voltage and variable 
frequency, and for driving the motor with the alternating 
current; a g-axis current instructing means for generating, 
in accordance witha speed instruction signal, an instruction 
signal for a qr-axis component of the current, orthogonal 
to the magnetic field of the motor; a loss calculating means 
for calculating a loss that is the sum of the motor's copper 
loss and iron loss; a d-axis current generating means for 
generating, in accordance with the motor's- rated loss 
decreased by the loss, an instruction signal for a d-axis 



current that is passed through the motor; a controlling means 
for judging, from the DC voltage, whether or not the motor 
is operating in a recovery state, and for activating the 
d-axis current generating means if the motor is in the 
5 recovery state. 

In the present invention, because a loss being 
generated at this moment in the motor is calculated and the 
d-axis current is controlled to flow within a consumable 
value that is the rated loss decreasedby the loss, the present 
10 invention brings effects of consuming recovering electric 
power in the motor while preventing the motor from being 
overloaded. 

Another aspect of a control device for a permanent 
magnet synchronous motor according to the present invention 

15 comprises: an inverter for converting input DC voltage into 
alternating current of variable voltage and variable 
frequency, and for driving the motor with the alternating 
current; a g-axis current instructing means for generating, 
in accordance with a speed instruction signal, an instruction 

20 signal for a g-axis component of the current, orthogonal 
to the magnetic field of the motor; a d-axis current 
generating means for generating an instruction signal for 
a d-axis current with the same directionality as the magnetic 
field of the motor; a storage means for storing inputted 

25 values of the motor's winding resistance, field magnetic 
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flux constant, and rated loss; a current detecting means 
for detecting current flowing in the motor, so as to generate 
a current detection signal; a position detecting means for 
. detecting a rotational position of the motor, so as to 
5 generate a position detection signal; a calculating means 
for calculating, based on the current detection signal and 
the winding resistance, the motor's copper loss, and 
calculating , based on the position detection signal and 
the field magnetic flux constant, the motor's iron loss, 

10 so as to calculate a loss that is the sum of the copper loss 
and the iron loss; a d-axis current generating means for 
generating, based on the motor's rated loss decreased by 
, the loss calculated by the calculating means, an instruction 
signal for the d-axis current; and a controlling means for 

15 judging, from the DC voltage, whether or not the motor is 
operating- in a recovery state, and for activating the d-axis 
current generating means if the motor is in the recovery 
state. 

In the present invention, because a loss being 
20 generated at this moment is calculated and the d-axis current 
is controlled to flow within a consumable value that is the 
rated loss decreased by the loss, the present, invention 
brings effects of consuming recovering electric power in 
the motor while preventing the motor overload as well as 
25 allowing the loss being generated in the motor at this moment 
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to be easily calculated. 

Still another aspect of a control device for a 
permanent magnet synchronous motor according to the present 
invention comprises: an inverter for converting input DC 
5 voltage into alternating current of variable voltage and 
variable frequency, and for driving the motor with the 
alternating current; a g-axis current instructing means for 
generating, in accordance with a speed instruction signal, 
an instruction signal for a g-axis component of the current, 

10 orthogonal to the magnetic field of the motor; a d-axis 
current generating means for generating an instruction 
signal for a d-axis current with the same directionality 
as the magnetic field of the motor; a storage means for storing 
inputted values for the motor's winding resistance, field 

15 magnetic, flux constant, rated loss, and thermal time 
constant; a current detecting means for detecting current 
flowing in the motor, so as to generate a current detection 
signal; a position detecting means for detecting rotational 
position of the motor, so as to generate a position detection 

20 signal; an iron loss calculating means for calculating, based 
on the current detection signal and the winding resistance, 
the motor's copper loss, and calculating, based on the 
position detection signal and the field magnetic flux 
constant, the motor's iron loss, so as to calculate a loss 

25 that is the sum of the copper loss and the iron loss; an 
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estimating means for estimating temperature rise in the motor 
windings, based on the loss calculated by the loss 
calculating means , and on the thermal time constant; ad-axis 
current generating means for generating, in accordance with 
5 the estimated temperature rise, an instruction signal for 
flowing the d-axis' current to the motor; and a controlling 
means for judging, from the DC voltage, whether or not the 
motor is operating in a recovery state, and for activating 
the d-axis current generating means if the motor is in the 

10 recovery state. 

In the present invention, consumable d-axis current 
is calculated from. an estimated temperature rise due to the 
motor's loss, in the motor windings so as to be applied to 
the motor. Therefore, the recovering electric power can be 

15 consumed inside the motor while curbing the temperature rise 
in the motor. 

And it is preferred to provide the control device 
with a d-axis current limiting means that restricts the 
d-axis current instruction signal in accordance with the 

20 maximum current that the inverter can flow. 

The above-mentioned configuration can prevent 
overloads in the inverter, because the d-axis current is 
controlled below the maximum current that the inverter can 
provide . 

25 Furthermore, it is preferred to provide the control 
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device with a recovery consumption means in which a resistor 
and a switching device are connected to the DC voltage, and 
an activating means that j udges, whether or not the DC voltage 
exceeds a predetermined threshold value, and activates the 
5 switching device when it exceeds the value. 

In the above configuration, when the recovering 
electric power cannot be completely consumed in the motor, 
the switching device is activated to consume the power in 
the resistor, which, therefore, brings effects that the 
10 capacities of the switching device and the resistor can be 
made small. 

Brief Description of Drawings 
Fig. 1 is a block diagram illustrating an overall 
15 control device, for a permanent magnet synchronous motor, 
in an embodiment according to the present invention; 

Fig. 2 is a block diagram centering on the controlling 
unit shown in Fig. 1; 

Fig. 3 is a detailed block diagram illustrating the 
20 loss calculator shown in Fig. 2; 

Fig. 4 is a characteristic curve of the d-axis current 
controller shown in Fig. 2; 

Fig. 5 is a block diagram centering on the controlling 
unit, shown in Fig. 1, in another embodiment according to 
25 the present invention; 
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Fig. 6 is a block diagram for calculating temperature 
rise in the motor windings, in another embodiment according 
to the present invention. 



5 Best Mode for Carrying Out the Invention 

Embodiment 1. 

An embodiment according to this invention is 
explained, using Fig. 1 through Fig. 3. Fig. 1 is a whole 
block diagram illustrating' a control device for a permanent 

10 ' magnet synchronous motor, Fig. 2 is a detailed block diagram 
illustrating the controlling device shown in Fig. 1, and 
Fig. 3 is a detailed block diagram illustrating the loss 
calculator shown in Fig. 2. 

In Fig. 1 through Fig. 3, the control device for the 

15 motor includes a power converter 10, a controlling unit 100, 
a current detector (a current detecting means) 12 that 
detects current flowing into a motor 14 and inputs into the 
controlling unit 100 a current detecting signal i s , and an 
encoder 41 that detects the rotational position of the motor 

20 14 and inputs into the controlling unit 100 the position 
detection signal 9 s , and a speed instruction signal N r , 
generated by a speed instruction unit 150, is inputted into 
the controlling unit 100. 

The power converter 10 includes a converter 2 for 

25 converting three-phase AC voltage into DC voltage, a 
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condenser 4 for smoothing the DC voltage that contains ripple 
voltage from the converter 2, an inverter 9 for converting 
the DC voltage into three-phase AC voltage so as to drive 
the motor 14, a resistor 6 that consumes recovering electric 
5 power, being generated by the motor 14 and stored into the 
condenser 4, through the inverter 9, and a transistor 8, 
as an on-of f switching device , for on-of f controlling current 
flowing into the resistor 6. 

In Fig. 2, the controlling unit 100 includes: a 

10 differentiator 45 for differentiating a position detection 
signal 6 s outputted from the encoder 41 in order to obtain 
a speed detection signal N s ; a subtractor 20 for decreasing 
the speed instruction signal N r hy the speed detection signal 
N s in order to obtain a speed deviation signal N e ; a speed 

15 controller 22 for obtaining a g-axis current instruction 
signal i gr from the inputted speed deviation signal N e in 
order to work as a qr-axis current instructing means; a 
coordinate transformer 43 for obtaining a g-axis current 
detection signal i qs and a d-axis current detection signal 

20 ids, through coordinate transforming, from the position 
detection signal 0 s and the current detection signal 
I s , respectively; a DC voltage detector 30 for generating 
a voltage detection signal V s after detecting DC voltage 
in' the power converter 10 and applying to a subtractor 34 

25 the voltage detection signal V s ; a reference voltage 
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generator 36 for applying to the subtractor 34 a 
predetermined reference voltage signal V r ; and the 
subtractor 34 for generating a voltage deviation signal V e 
that is the deviation of voltage detection signal V s from 
5 the reference voltage signal V r . 

Furthermore, the controlling unit 100 includes: a 
subtractor 24 for generating a g-axis current deviation 
signal i qe that is the deviation of the g-axis current 
detection signal i qs from the g-axis current instruction 

10 signal i qr and; a g-axis current controller 26 for generating 
a g-axis current control signal i gc from the inputted g-axis 
current deviation signal i qe ; a loss calculator 50 for 
calculating a loss in the motor 14 by using the g-axis current 
detection signal i qSf the d-axis current detection signal 

15 i dS / and the speed detection signal N s as the motor 1 s rotation 
speed; a d-axis current generator (a d-axis current 
generating means) 52 for calculating a d-axis current 
instruction signal i dr , that is, allowable d-axis current 
to flow into the motor 14, by decreasing the motor's rated 

20 loss by the loss; a subtractor 54, working as a controlling 
means, for generating a d-axis deviation current signal i de 
by calculating the deviation of the d-axis current detection 
signal I ds from the d-axis current instruction signal i dr ; 
a d-axis current controller 56 for generating a d-axis 

25 current control signal i dc from the d-axis deviation current 



signal i de ; a coordinate inverse transformer 28 for 
generating three phase AC current instruction signals i ur , 
i vr , and i wr from the inputted g-axis current control signal 
i qc and the inputted d-axis current control signal i dc - 
5 Furthermore, the controlling unit 100 includes a 

resistor-on- j udgment unit 58 that compares the voltage 
deviation signal (a voltage value) V e with a predetermined 
threshold value V Zf and, when the voltage deviation signal 
(a voltage value) V e is higher than V z , decides that the 

10 recovering electric power could not be consumed up by the 
motor 14, so as to allow the resistor 6 to consume the 
recovering electric power by on/off controlling the 
trans is tor 8 . 

The loss calculator (the loss calculating means) 50 

15 sums up copper loss P c (w), being generated in the motor 
windings, and iron loss Pi(w), being generated in the 
iron-core of the motor, as the total loss P 0 (W). in the motor 
14 . 

Although mechanical losses, such as a bearing's 
20 friction loss due to the motor's rotation, are generated, 
these losses are neglected because of their small quantity 
compared with the sum of the copper loss and the iron loss. 
P c = 3R w Ip 2 = R w ( ips 2 + ids 2 ) 

Here, R w : the resistance of wound wire per phase ( Q ) 
25 I p : effective current per phase (A) 
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Pi = K f 0 1 ' 6 

Here, K: field magnetic flux constant f 0 : frequency 
of the magnetic flux (Hz) 
f<P= pN/60 

5 Here, P: the number of poles, N: rotation speed of 

the motor 

The field magnetic flux constant K can be obtained 
by measuring a value of the P± inputted into the motor 14, 
rotated at the rated rotation speed N n with no loads, and 
10 then using the equation below. 

K = (W n /60 P) l - 6 / Pi 

Following above explanations, after the field 
magnetic flux constant K and the resistance R w of the motor 
14 are inputted in advance so as to be stored in a memory 

15 50m as a storage means, the coordinate transformer 43 
calculates the g-axis current control signal i qs and d-axis 
current control signal i ds by using the motor 14' s rotation 
speed, detected by the encoder 4 1 , and the motor 1 4 * s current , 
detected by the current detector 12; thereby, the loss 

20 calculator 50 can calculate the motor 14' s total loss by 
using the g-axis current control signal i qst the d-axis 
current control signal I ds t and the speed detection signal 

As is shown in Fig. 3, the loss calculator 50 
25 comprises: a d-axis copper loss calculator 201 for 
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calculating a d-axis copper loss P d by multiplying the d-axis 
current detection signal I ds squared by the resistance R w ; 
a g-axis copper loss calculator 203 for calculating a g-axis 
copper loss P q by multiplying the g-axis current detection 
5 signal i qs squared by the resistance R w ; an adder 205 for 
calculating the total copper loss P c by adding the d-axis 
copper loss and g-axis copper loss together; an average 
copper loss calculator 217 for calculating the average copper 
loss Pcave by dividing the time-integral of the total copper 

10 loss P c , by the total time; an iron loss calculator 211 for 
calculating the iron loss P± by multiplying the motor 14' s 
speed detection signal to the power of 1.6 by the constant 
K<i> ; an average iron loss calculator 213 for calculating 
the average iron loss Piave by dividing the time-integral, 

15 for each of the intervals, by the total time; an adder 215 
for inputting into a d-axis current generator 52 the total 
loss Poave, being the sum of the average copper loss P C ave 
and the average iron loss Piave- 

As is illustrated in Fig. 4, the value that is the 

20 rated loss of the motor 14 decreased by the total loss of 
the motor 14 generating at the moment, gives an allowable 
loss in which the d-axis current can be flowed, by the d-axis 
current generator - 52 , into the motor 14 . For this reason, 
the d-axis current generator 52 is configured to generate 

25 this value as the d-axis current instruction signal i d r- 



The rated loss of the motor 14 corresponds to a value 
in which inputted electric power (W) is measured, while. the 
motor 14 generating the rated output (W) , and then the 
inputted electric power (w) is decreased by the rated output 
5 of the motor 14. The ratedlossas described above is obtained , 
for example, by experiments, and the loss is inputted into 
the memory 50m beforehand so as to store it as a value of 
the rated loss. 

The operations of the control device for the motor 
10 configured as described above are explained below, using 
Fig. 1 through Fig. 3. First of all, the rated loss in the 
motor 14, the wound-wire resistance R s of the motor 14 per 
phase, and the field magnetic flux constant K are inputted 
so as to be stored in the memory 50m in the loss calculator 
15 50. 

When the motor 14 operates in a recovery state in 
accordance with the speed instruction signal N r , recovering 
electric power is stored into the condenser 4 through the 
inverter 9 . Thereby, DC voltage across the condenser 4 rises. 

20 When the voltage detection signal V Sf being generated 

by the DC voltage detector 30 , is inputted into the subtract or 
34, and the reference voltage signal V r , being generated 
by the reference voltage generator 36, is simultaneously 
inputted into the subtractor 34, the subtractor 34 inputs 

25 into the d-axis current generator 52 the voltage deviation 
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signal V e , being the deviation of the voltage detect ion signal 
V s from the reference voltage signal V r . On the other hand, 
the current detector 12 detects current flowing into the 
motor 14, and generates a current detection signal i s so 
5 as to input it into the coordinate transformer 43, while 
the encoder 41 detects a motor 14' s rotational position by 
the position detection signal 6 s and inputs it into both 
of the coordinate transformer 43 and the differentiator 45. 
The coordinate transformer 43 converts the current detection 

10 signal i s into the qr-axis current detection signal i qs and 
the d-axis current detection signal i ds , so as to input them 
into the loss calculator 50 as well as input the d-axis current 
detection signal i ds into the subtractor 54. 

In the loss calculator 50, using the resistance R s 

15 of the motor 24 stored in the memory 50m, the qr-axis copper 
loss calculator 201 calculates the qr-axis copper loss from 
the g-axis current detection signal i qsr and the d-axis copper 
loss calculator 203 calculates the d-axis copper loss from 
the d-axis current detection signal i dSf so that both losses 

20 are inputted into the adder 205. The adder 205 calculates 
the total copper loss P c , being- the sum of the qr-axis loss 
P q and the d-axis loss P d , so as to input into the average 
copper loss calculator 217 the total loss. As is shown in 
Fig. 3, the average copper loss calculator 217 calculates 

25 the average copper loss P ca ve by dividing the time-integral 



of the total copper loss P c by the total time, so as to input 
into the adder 215 the average copper loss. 

Meanwhile, the iron loss calculator 211 calculates 
the iron loss Pi from the speed detection signal N s and the 
5 field magnetic flux constant K of the motor 24 , being stored 
in the memory 50m, so as to input into the average iron loss 
calculator 213 the iron loss. The average iron loss 
calculator 213 calculates the average iron loss Piave by 
dividing time-integral of the iron loss Pi by the total time, 
10 so as to input into the adder 215 the average iron loss. 
The adder 215 calculates the total loss P G , by adding the 
average copper loss and the average iron loss together, so 
as to input into the d-axis current generator 52 the total 
loss . 

15 As is illustrated in Fig. 4, the d-axis current 

generator 52 inputs into the subtractor 54, as the d-axis 
current instruction signal i dr , the value of the rated loss 
decreased by the total loss. The subtractor 54 calculates 
the d-axis current deviation signal i de , being the deviation 

20 of the d-axis current detection signal i ds from the d-axis 
current instruction signal i dr , so as to input into the d-axis 
current controller 56 the deviation signal, so that the 
controller 56 inputs into the coordinate transformer 18 the 
d-axis current control signal i dc . 

25 Meanwhile, the subtractor 20 calculates the speed 



deviation signal N e , being the deviation of the speed 
detection signal N s from the speed instruction signal N r , 
so as to input into the speed controller 22 the speed deviation 
signal. The speed controller 22 inputs into the subtractor 
5 24 the g-axis current instruction signal i qr , and the 
coordinate transformer 43 inputs into the subtractor 24 the 
g-axis current detection signal i qs - The subtractor 24 inputs 
into the g-axis current controller 26 the g-axis current 
deviation signal i qe , being the deviation of the g-axis 

10 current detection current i qs from the g-axis current 
instruction signal i qr . The g-axis current controller 26 
inputs into the coordinate inverse transformer 28 the g-axis 
current control signal i qc , and the transformer 28 inputs 
into the inverter 9 the three phase AC current instruction 

15 signals i ur , i vr , and i wr . Thereby, the recovering electric 
power is consumed at the resistance of the motor 14 by allowing 
the d-axis current to flow into the motor 14. 

When the recovering electric power in the motor 14 
cannot be fully consumed at the internal resistor of the 

20 motor 14 with the power further increasing, the internal 
DC voltage of the inverter 9 rises and the voltage deviation 
signal V e is inputted into the resistor-on- j udgment unit 
58. The resistor-on- j udgment unit 58 compares the voltage 
deviation signal V e with the threshold value V z , and when 

25 the signal exceeds the threshold value V z , the unit generates 



an on-off signal in order to consume the recovering electric 
power in the resistor 6 by on-off controlling the transistor 
8. 

The above-described operations allow the d-axis 
current to flow into the motor 14 within the rated output 
of the motor 14. Thereby, the recovering electric power can 
be consumed in the motor 14 while preventing the motor 14 
from being overloaded. 

And furthermore, when the recovering electric power 
cannot be fully consumed in the motor 14, the resistor 6 
is controlled to consume the power. Consequently, the rated 
capacities of the resistor 6 and the transistor 8 can be 
small . 

Embodiment 2 . 

Another aspect of an embodiment according to this 
invention is explained, using Fig. 5. Fig. 5 is a blo.ck 
diagram illustrating an entire control device , for the motor , 
according to this aspect of the embodiment. In Fig. 5, the 
identical numerals with the ones in Fig. 2 refer to the 
identical parts, and those explanations are eliminated. 

Given I n as the rated current of the transistor 
configuring the inverter 9, there is an relation between 
the g-axis current and the d-axis current that flow into 
the motor 14, as described below,. 

T - / ,*2 i • 2 \l/2 



From the above equation, the maximum f lowable d-axis 
current instruction signal idmax is given below. 

7 ( T 2 + 7 2 ^ 1/2 

. As is shown in Fig. 5, a current limiter 103 that 
5 limits current in the d-axis current generator 52 is provided 
in order to prevent the d-axis current from exceeding the 

Because the above-described control device for the 
motor is provided, so that current flows through the inverter 
10 9 can be limited within the rated current of the transistor 
even if the d-axis current flows through the motor 14, 
over-current can be prevented from flowing through the 
inverter 9. 

Embodiment 3. 

15 Still another aspect of an embodiment according to 

this invention is explained, using Fig. 6. Fig. 6 is a block 
diagram for calculating temperature rise' in the motor 
windings, according to this aspect of the embodiment. In 
Fig. 6, the identical numerals with the ones in Fig. 3 refer 

20 to the identical part s and those explanations are eliminated . 

In Fig. 6, the functional block for calculating 
temperature rise in the motor 14 windings includes : a primary 
temperature estimator 317 for calculating to output 
temperature rise in the winding of the motor 14 itself from 

25 the inputted average copper loss P C aver being outputted from 
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the average copper loss calculator 217; a secondary estimator 
313 for calculating temperature rise in the iron core of 
the motor 14 from the inputted average iron loss P± a vet being 
outputted from the average iron loss calculator 213; and 
an adder 315 for estimating temperature rise in the winding 
by adding the temperature rise in the winding itself and 
the iron core temperature rise; wherein the winding 
temperature rise is inputted into a d-axis current generator 
52 in order to generate the d-axis current instruction signal 
i dr . Here, the first temperature estimator 317, the second 
temperature estimator 313, and the adder 315 compose the 
estimating means. 

Industrial Applicability 
As described above, a control device for a permanent 
magnet synchronous motor according to the present invention 
is applicable to fields of motor controlling. 



